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 Natural gas liquid is one of the products from petroleum reservoir. Natural gas 
liquid or NGL is one of the components of natural gas that are liquid at surface in field 
facilities or in gas-processing plants (Schlumberger Oilfield Glossary website, 2012). 
The compositions of this substance are propane, butane, pentane, hexane and heptanes, 
but not methane and ethane, since these hydrocarbons need refrigeration to be liquefied. 
NGL can be separated to several classes such as low (condensate), intermediate (natural 
gasoline) and high (liquefied petroleum gas) vapor pressure based on their vapor 
pressure 
 
 The best operating condition (temperature and pressure) need to be study and 
analyze in order to produce highest composition of liquid in natural gas liquid. Phase 
diagram of natural gas component give us the hint and reference how to manipulated and 
vary the operating conditions. From the phase diagram, the composition of liquid at 
certain temperature and pressure can be calculated even though there contain more than 
two components in the mixture. Information such as Cricondenbar, Cricondentherm, 
Critical Point, bubble point curve and dew point curve of natural gas give us a lot of 
information to manipulate the operating condition.  
 
 A simulation of model process of natural gas liquid must be done to get the best 
operating conditions of production natural gas liquid (NGL). This simulation can be 
done using HYSYS.  From the simulation, we compare from different operating 
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Nowadays, demands of natural gas liquid (NGL) keep increasing year by year. 
Production of NGL which are can be separated through the process of absorption, 
adsorption, condensation, or any other methods in gas processing or cycling plants 
before transportation of natural gas in pipelines (Oil and Gas IQ website, 2012). 
Applications of NGL widely used in the most of the manufacture industry. Examples of 
NGL application are used as fuel to generate public or industrial power station and raw 
material for chemical synthesis.  NGL can also be kept as a liquid to be used as an 
alternative transportation fuel (California Energy Commission, 2012). Due to high 
demand of this liquid, high efficiency of process need to be done in order to satisfy 
worldwide demand.  
There a lot of NGL production plant in this world. The most common technology 
apply to produce NGL is Natural Gas Liquid Recovery. The main purposes of this 
technology are to separate and purify heavier hydrocarbon from our natural gas (Sep – 
Pro System, 2012). Natural gas will easily into liquid under pressure inside of pipeline. 
Formation of natural gas in liquid phase inside of pipeline will cost a lot of problem such 
as slowing the flow and increasing the wear on the piping. So it is better to do a 
separation of natural gas in liquid phase before it entering the pipeline. According to 
Naturalhub, 2012 extracted hydrocarbons, such as propane, butane, and naphtha, can be 
sold more profitably as separate products. Some of the equipment exist inside the natural 










Figure 1.1: Example of process flow diagram for natural gas liquids recovery plant 
 So in this report, the author purposes the new operating conditions that give 
highest composition of liquid in natural gas liquid production. During production of 
NGL, we prefer highest composition of liquid in NGL compare to composition of vapor 
phase. It is because, liquid phase of NGL give us a lot of economical benefit compare to 
vapor phase. Liquid phase also give us a less complicated transportation problem and it 
is easier for storage purpose (The Oil Drum, 2012). Production of natural gas liquid 
depends on the operating conditions such as temperature and pressure.  From this two 
operating parameters, the composition of liquid based on the phase diagram of natural 
gas liquid will vary. Other than highest amount of liquid composition, amount of CO2 
need to be minimize in order give better economically benefit of natural gas industry 
(Nurulhuda Azmi, Removal of High CO2 Content in natural gas by formation of 
hydrates a potential solution for CO2 gas emission, 2008 ).  From this project, 
comparison of operating condition and the result of composition of liquid will be study 
and determine the best operating condition with highest amount of liquid and lowest 






1.2 PROBLEM STATEMENT 
 
Phase behavior of natural gas depending on temperature and pressure of our 
system. It is easier to explain the behavior of natural gas if there is pure substance and 
only have one phase at certain temperature and pressure. But as we dealing with natural 
gas, we have to consider mixture of component and difference phase of mixture at 
certain temperature and pressure.  
Based on the phase diagram of natural gas, as vary the pressure at isothermal 
condition, natural gas start to change the form from liquid to liquid+gas phase. And 
amount of liquid composition is increase as we vary pressure at constant temperature but 
at one point, the amount of liquid will be highest and as we keep decrease the pressure 
the amount of liquid will be decrease (Chapter 3, phase transition,2012). In this project 
through simulation and calculation is to determine at what pressure give us the highest 
amount of liquid at constant temperature. And during this project, the value of pressure 



















Our main objective in this project is to do a simulation production of Natural Gas 
Liquid as vary the operating condition (temperature and pressure) to get highest 
composition of liquid on the mixture. Other than that, the percentage of carbon dioxide 
produce during production of NGL will also be considered because this substance will 
give a bad effect to our product and equipment.  
 
1.4 SCOPE OF STUDY 
 
For this project, our scope of study will focus on the simulation of the see the 
relationship between the effects of operation condition to our composition of liquid 
inside of natural gas liquid. Study regarding the phase diagram of natural gas will lead to 
the specific relationship between operating condition and percentage of liquid in our 
mixture. From each constant temperature and vary the pressure, the amount of liquid 
will different. Thus the aim of this project to do a simulation to get the best operating 


















LITERATURE REVIEW  
 
 
2.1 RETROGRADE CONDENSATIONS OF NATURAL GAS 
During production of natural gas liquid, retrograde conditions occur. The 
formation of liquid hydrocarbons in a gas reservoir as the pressure in the reservoir 
decreases below dew point pressure is called as retrograde conditions (Schlumberger 
Oilfield Glossary website, 2012).  This condensation will occur at isothermal condition 
(constant temperature) and as pressure vary from below of its dew point. According to 
Francis S. Manning, Oilfield Processing of Petroleum: Natural Gas, Volume 1, 
retrograde phenomenon is the interesting phenomenon of multi-component system 


















 From phase diagram on figure 2, cricondenbar point to cricondentherm point call 
as retrograde curve. Cricondenbar is the point where pressure point of vapor-liquid 
coexistence for multi-component system. For cricondentherm, this point is where the 
temperature point of vapor-liquid coexistence. This two point same as for single 
component system that is bubble point and dew point. 
   Differ from single component system, retrograde condensation for multi-
component system give us differ result as we vary the pressure at isothermal condition. 
For single component system, at constant temperature, from dew point to bubble point, 
the amount of liquid increase from 0% to 100% and it will completely in liquid phase 
after it reach the bubble point. But for multi-component system, starting in an all vapor 
condition (0 % liquid), by increasing pressure, our systems enter to the two-phase 
region. Thus, some liquid has to drop out, as the pressure keeps increasing, according to 
general knowledge more liquid will be form. But, based on the graph below, our system 
did not reach to 100% liquid and it goes back to 0% liquid condition. Due to retrograde 
condensations, it is important to determine and maintain pressure to keep our mixture at 










                                      
Figure 2.2: Liquid Yield for the Isothermal Compression 




2.2 PREDICTION OF NATURAL GAS LIQUID DENSITY 
 
 Based on the phase diagram of common natural gas, there specific region that 
we called it as dense phase. In phase dense region, the natural gas have a approximately 
same viscosity to gas of natural gas but a density closer to a liquid phase behavior. 
Because of this unique behavior, this region becomes attractive to oil and gas industry. 
Based on Procurement Model Analysis: CAPEX vs OPEX, 2009, rather than for 
transportation advantage, high density of natural gas also provides reducing of pressure 









Figure 2.3: Dense phase for typical natural gas phase diagram 
 For common composition of natural gas contain 80% of methane, 8% of ethane, 
4% of propane, 3% of i-Butane, 2% of n-Butane, and small percentage of i-pentane to n-
decane (Variation of properties in the dense phase region, Dr. Mahmood Moshfeghian). 
Based on this common composition, study and analysis while manipulating temperature 
and pressure the affect towards density of phase dense. The behavior and characteristic 
of natural gas can be determined by HYSYS software for a series of temperature and 
pressure. Process of manipulating of temperature and pressure of natural gas represent 












Figure 2.4: Density of natural gas as function of pressure and temperature 
 
 Based on the figure above, the distributions of density while the temperature and 
pressure changing. Green box indicate the dense phase of natural gas, while the purple 
line indicate as the temperature and pressure changing for this study. As the result, the 
black lines indicate of density of natural gas. From point A to B, for maintain pressure 




C, the density of natural gas increase 




. Proceed to next path, which is from point B to C. 
Isothermal path at temperature constant at -100
o
C, density of natural gas slightly 










. As the pressure decrease for path from point D to E, the reduction density of 
natural gas increase. For line E to F, cooling of natural gas causes the increasing of 
density. From this manipulation of pressure and temperature, it can be conclude that the 
density of dense phase natural gas slightly same with the density of liquid phase while 












3.1  PROJECT ACTIVITIES 
 
 To study the condensation of natural gas and behaviour of composition liquid 
and CO2, composition of each component inside natural gas is very important. 
According to Emerson Process Management, Carbon Dioxide (CO2) measurement in 
natural gas, 2010, natural gas mainly consist of Methane (70-90%), Ethane, Propane or 
other higher hydrocarbon ( up to 20%) and carbon dioxide can go from several ppm up 
to 8%. As the main objective of this final year project to find best operating condition of 
high carbon dioxide content, so the composition of natural gas used in this project is 8% 
from total composition. Compositions all component of natural gas as below.  
 











For this simulation, the working temperature range depends on cricondenthem 
and cricondenbar of natural gas. This is because these two points are maximum 
temperature or pressure of vapour-liquid exists. Based on these two points, later 
temperature range of simulation will decided.  
10 
 
In order to get the precise and accurate reading of liquid percentage in this 
simulation, Peng Robinson basis for fluid package are the most suitable due to natural 
gas unique behaviour. In this simulation, flash drum being used to separate vapour and 
liquid of natural gas. Any changes of temperature and pressure inside the flash drum will 
be effect the percentage of liquid drop in natural gas. Formation of liquid drop also will 
favour the formation of carbon dioxide inside liquid drop. For process flow diagram of 









Figure 3.1: Process flow diagram for condensation of natural gas 
 
From the process flow diagram, stream 1 is the feed of natural gas in to flash 
drum. Meanwhile, for stream 2 indicates the amount of vapour after flash drum and 
stream 3 is the amount of liquid.  As variation of pressure and temperature occur, any 










Figure 3.2: Example of liquid percentage detail after separation using flash drum 
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3.2 PROJECT FLOW CHART 
 
 For methodology in this project, it is important to understand the process first 























 Literature Review 
Understand Retrograde 
Condensation of natural gas 
Develop a model NGL 
process 
Simulation of the model  





I. Literature Review 
 Literature review on natural gas current condition 
 Findings and figure out the phenomenon of retrograde 
condensation 
 Understands the importance of natural gas in liquid phase 
 Understands the effect of amount CO2 content in natural gas 
II. Retrograde Condensation 
 Understands the effect of retrograde condensation to natural gas 
characteristic 
 Understands the common and typical temperature and pressure 
of retrograde phenomenon occur to natural gas 
III. Develop of model 
 Study the common and latest technology of refrigeration of 
natural gas in the oil and gas industry 
 Understand the equipment use to cooling and maintain the 
pressure of natural gas 
 Develop of model from the latest technology study of 
refrigeration of natural gas 
IV. Simulation of model 
 Simulate the model by manipulating the operating condition of 
temperature and pressure  
 Extract data of liquid composition and CO2 content from each 
pairing of operating condition of model 
V. Validation of Data 
 Repeat the simulation of model with different pair of operating 
condition 
 Comparison of data for each simulation to study the liquid 






VI. Finalize project 
 Compile all the data of simulation and study the pattern 
 Suggest the new operating condition of model that provides 
highest composition of liquids and lowest amount of CO2 
content in natural gas 
 Prepare a proper documentation for report  
 
3.3 TOOLS AND EQUIPMENT 
 Microsoft Excel - data collection and analysis 
 ICON/HYSYS – run simulation of liquefied process model 
 Microsoft Word - report writing 
 
 
3.4 KEY MILESTONE  




































RESULT AND DISCUSSION 
 
 
4.1  DATA GATHERING 
 
 4.1.1 Phase Envelope 
 
As mention earlier in literature review chapter, phase envelope of natural gas very unique 
due to multi-component system composition. In this simulation after entering all composition of 
natural gas (refer Table 3.1), develop a phase envelope. Flowrate of feed into flash drum in this 
simulation assume to be 100 kgmole/h. Initial temperature of reservoir assumes also to be 60
 o
C. 
Natural gas will be cooled it down below than initial temperature to produce liquid drop.  Based 
on phase envelope, it provides Cricondenthem and cricondenbar that can be used to predict the 
temperature range for simulation. Cricondenthem and cricondenbar are where highest 
temperature or pressure of vapour-liquid exists. Phase envelope of this simulation is as below.  
 
 From the phase envelope above, red color curve indicate bubble point while blue color 
curve indicate dew point curve. Table for dew point and bubble point of phase envelope attach at 
appendix of this report. According to phase envelope, Cricondenthem occur at 36.92
o
C, while 
Cricondenbar occur at 111.406 Bar. Cricondenbar occur at temperature equal to 0
o
C, so that 
temperature range that will be used in this simulation is between 0 – 36oC. Interval for each 
temperature study is 2
o
C. This is because difficult to analyze liquid drop formation if interval of 
temperature used is too big. After complete all 18 set of data between 0 – 36oC, analysis of 
























Figure 4.1: Phase envelope of natural gas simulation
17 
 
4.1.2 Liquid Percentage 
  
 In this project, temperature of simulation will be constant and decreasing of pressure 
starting with pressure equal to 115 Bar. This is because the cricondenbar of this simulation occur 
at 111.406 Bar. Repeat the same procedure of simulation using different set of temperature. So 
that, there is no liquid drop occur beyond this pressure. For each isothermal compression of 
pressure simulation, formation of liquid drop at bottom product of flash drum will be recorded.  
 
Based on table 4.2, show that example of liquid drop formation at 5 different 
temperatures. Full data of liquid formation, may refer to appendix. Yellow box indicate the 
highest amount of liquid drop occur at that temperature constant. After completing of all 18 set 
of data, pattern of liquid drop formation keep decreasing when temperature used in the 
simulation high.  Highest amount of liquid drop recorded when temperature equal to 0
o
C. Further 
explanation regarding liquid drop formation will be discussed in data analysis chapter 
 




































Figure 4.2 shows that the isothermal compression of pressure at temperature equal to 16
 
o
C. Based on this figure, at pressure equal to 105 bar, there is no amount of liquid drop produce 
(0%). As we decrease the pressure, liquid drop start to produce. For example at pressure equal to 
95 bar, the amount of liquid drop is 4.296 kgmole/h (73%). The amount of liquid drop reach 
maximum that is 5.818 kgmole/h (100%) when pressure equal to 80 bar. As pressure keep 
decreasing, the amount of liquid start to decrease also, for example when pressure equal to 55 
bar, the amount of liquid drop is 4.27 kgmole/h (73%). Liquid drop will continuously drop until 
0 kgmole/h (0%) as pressure keep decreasing. There is no liquid drop anymore when pressure 









4.1.3 Carbon Dioxide content 
 
 Based on liquid drop formation data, highest amount of liquid occur at temperature equal 
to 0
o
C. So that study and analysis about carbon dioxide content will be at this temperature. 
Repeat the simulation at temperature equal to 0
o
C and recorded the formation of liquid of each 
component. Record all the data for each component for different pressure.  
 



























Pressure 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
Methane 6.713 9.123 9.210 8.664 7.901 7.071 6.237 5.429 4.662 3.943 3.277 2.666 2.111 1.615 1.180 0.807 0.501 0.265 0.104 0.021 0.000
Ethane 1.644 2.512 2.809 2.905 2.899 2.830 2.717 2.571 2.396 2.198 1.979 1.744 1.495 1.237 0.976 0.721 0.482 0.274 0.115 0.024 0.000
Butane 0.670 1.136 1.383 1.543 1.654 1.734 1.789 1.825 1.842 1.843 1.825 1.787 1.725 1.633 1.502 1.321 1.076 0.760 0.399 0.102 0.000
Pentane 0.219 0.377 0.463 0.518 0.557 0.585 0.606 0.622 0.633 0.640 0.643 0.642 0.637 0.627 0.608 0.577 0.526 0.438 0.290 0.096 0.000
Hexane 0.069 0.119 0.144 0.160 0.170 0.177 0.182 0.186 0.189 0.191 0.192 0.193 0.193 0.192 0.191 0.188 0.182 0.170 0.141 0.071 0.000
Heptane 0.022 0.036 0.043 0.047 0.049 0.051 0.052 0.053 0.053 0.053 0.054 0.054 0.054 0.054 0.054 0.054 0.053 0.052 0.049 0.036 0.000
Octane 0.009 0.015 0.018 0.019 0.020 0.020 0.020 0.020 0.020 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.020 0.018 0.000
Nitrogen 0.044 0.054 0.051 0.045 0.038 0.032 0.027 0.022 0.018 0.014 0.011 0.009 0.007 0.005 0.003 0.002 0.001 0.001 0.000 0.000 0.000
CO2 0.001 0.002 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Propane 1.370 2.231 2.634 2.862 2.995 3.065 3.086 3.064 3.004 2.906 2.769 2.591 2.369 2.101 1.785 1.425 1.033 0.637 0.290 0.065 0.000























CO2 content, T = 0 C
20 
 
Amount of carbon dioxide produce so small but the effect of carbon dioxide to unit or 
equipment in the plant should not be neglect. Initial amount of carbon dioxide in natural gas is 
8% and the amount of carbon dioxide in bottom stream with others liquid drop is 1%. 
4.2  DATA ANALYSIS 
  
 Analysis of data from liquid drop formation and carbon dioxide will lead to the best 
operating condition. Highest amount of liquid drop for each temperature interval recorded in 







Plot the highest amount of liquid drop at natural gas phase envelope to study the pattern 
of highest liquid drop occur to temperature and pressure. From this phase envelope, pattern of 
highest liquid drop point will occur at lower pressure as temperature increase. The amounts of 
liquid drop also lower as temperature increase. For example temperature at 2
 o
C, highest amount 
of liquid drop that is 16.84 kgmole/h occur at pressure equal to 93 Bar. As increase the 
temperature of simulation to 6
o
C, highest amount of liquid drop is 11.87 kgmole/h occur at 
pressure equal to 88 Bar. The amounts of liquid drop also decrease as we increase the 
temperature of simulation.  








































Figure 4.4: Comparison of liquid drop formation at 5 different temperatures 
 
 As mention earlier in this chapter, the highest amounts of liquid drop occur at 
temperature equal to 0
o
C. Compress the pressure of reservoir starting from pressure equal to 110 
bar until pressure equal to 0. Formations of liquid drop starting from 0% until it reach 100% 
(maximum amount of liquid drop) and the amount of liquid start to decrease again until it reach 
back to 0%.  















 After study in detail the formations of liquid in this temperature, the highest amount of 
liquid occur at temperature equal to 92 bar that is 16.84 kgmole/h. the amount of carbon dioxide 
from total liquid drop occur at this pressure is 0.00169 kgmole/h or 0.01%. Table 4.6 show the 
composition of all components at temperature equal to 0
 o
C and pressure equal to 92 bar.  
 
Table 4.6: Composition of component temperature equal to 0
o










 Based on this analysis, the conclusion can be made is the best operating condition of 
formation of liquid drop natural gas with high carbon dioxide content is temperature equal to 0
o
C 
and pressure equal to 92 bar. This operating condition will give formation of liquid drop to 16.84 




















 As conclusion, the best operating conditions can be done by studying the phase diagram 
behaviour and also after a simulation of process natural gas liquid. These operating conditions 
must archive our main project goal that is to obtain highest composition of liquid inside the 
Natural Gas Liquid (NGL). Other than that, these operating conditions also must give us the 
products that have lowest composition of CO2. This model of simulation also may be useable to 
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Table 6.2: Dew curve point for natural gas used in simulation 
 
